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with the IN KOPPLE equation were slightly but not statisticallyThe precision of estimating protein intake of patients with
higher than that associated with IN MARONI.chronic renal failure.
Conclusion. Fecal nitrogen is not correlated with IN. NUNBackground. Biochemical methods for estimating protein
is not constant but varies with weight, and the traditionalintake are based on the concept that nitrogen-containing prod-
method of estimating IN in stable chronic renal insufficiencyucts of protein in diet plus the products arising from endoge-
(CRI) patients from UNA and weight as proposed by Maroni,nous protein are excreted as either urea or non-urea nitrogen
Steinman, and Mitch is valid.(NUN). This formulation is based on the fact that the urea is the
principal end product of amino acid degradation and, hence, the
urea appearance rate (or net urea production) is parallel to
protein intake. The urea nitrogen appearance (UNA) rate is A method of accurately estimating the amount of pro-measured as the amount of urea excreted in urine plus the net
tein being eaten would be especially useful in assessingamount accumulated in body water. A more difficult problem is
dietary compliance of patients with kidney disease becausehow to estimate NUN, the sum of fecal nitrogen, and all forms
of non-urea urinary nitrogen. Maroni, Steinman, and Mitch low-protein diets are prescribed to limit the accumula-
(Kidney Int 27:58-65, 1985) proposed estimating nitrogen in- tion of unexcreted, potentially toxic, nitrogen-containing
take (IN MARONI) from UNA plus NUN excretion rate of 0.031 waste products or to slow the loss of renal function [1, 2].
g nitrogen/kg body weight/day, as they found NUN correlated
Protein intake also needs to be monitored because therewith body weight but not with dietary nitrogen. Kopple, Gao,
is a concern that patients with chronic renal insufficiencyand Qing (Kidney Int 27:486-494, 1997) proposed a different
equation for estimating nitrogen intake (IN KOPPLE)  1.20 (CRI) will spontaneously eat less protein as renal func-
UNA  1.74, concluding that dietary nitrogen directly corre- tion declines raising the specter that the diet will become
lates with fecal nitrogen and that NUN is constant for all nutritionally inadequate [3]. Regarding methods of es-
patients. Their report prompted us to review all nitrogen bal-
timating dietary protein, repeated interviews have tooance measurements we had conducted in order to address
little precision for monitoring dietary protein [4, 5]. Thethe following questions. Does dietary protein increase fecal
alternative is to use laboratory measurements and thenitrogen excretion? Does NUN vary with weight or is it con-
stant? How do the two methods (IN MARONI and IN KOPPLE) compare concepts underlying nitrogen balance. Biochemical meth-
in estimating dietary protein from UNA? ods for estimating protein intake are based on the con-
Methods. We examined nitrogen balance and its compo- cept that nitrogen-containing products of dietary proteinnents measured in 33 patients with chronic renal failure (CRF)
plus nitrogenous products of endogenous protein break-who were eating diets varying from 4.1 to 10.1 g nitrogen/day.
down are excreted as either urea or non-urea nitrogenWe evaluated relationships between dietary nitrogen [intake
nitrogen (IN)], NUN, fecal nitrogen, body weight, and the pre- (NUN). This formulation is based on the fact that the
dictability of the two methods. urea is the principal end product of amino acid degrada-
Results. Neither fecal nitrogen nor NUN were significantly tion and, hence, the urea appearance rate (or net ureacorrelated with IN (r 0.04 and r0.07, respectively). NUN production) is parallel to protein intake.significantly correlated with body weight (P 0.008). Measured
The urea nitrogen appearance (UNA) rate is mea-IN averaged 5.75  0.41 g nitrogen/day; the estimated IN MARONI
value was 5.61  0.27 g nitrogen/day; the estimated IN KOPPLE sured as the amount of urea excreted in urine plus the
was 6.04 0.44 g nitrogen/day. The prediction errors associated net amount accumulated in body water. In the absence
of special circumstances (e.g., administration of growth
hormone or major trauma) adults are considered to beKey words: chronic renal failure, protein intake, urea appearance, fecal
nitrogen. in neutral nitrogen balance unless they are rapidly in-
creasing or losing body protein stores. Thus, in steadyReceived for publication February 13, 2002
state [i.e., when serum urea nitrogen (SUN) and weightand in revised form April 30, 2002
Accepted for publication June 10, 2002 are constant], the UNA is equal to the urea nitrogen in
24-hour urine collection. However, if weight and SUN 2002 by the International Society of Nephrology
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are changing, a correction is needed for the amount of and continued their various antihypertensive and antihy-
perlipidemic medicines, phosphate binders, and sodiumurea nitrogen accumulated in or lost from body water.
In contrast to urea nitrogen, the amount of nitrogen bicarbonate as required. After a lead-in period of 5 to
7 days, subjects were given unsupplemented diets withaccumulated in the body with other nitrogen-containing
waste products is small (e.g., if creatinine increases by protein amounts varying from 0.5 to 1.3 g/kg of body
weight/day or 0.05 to 0.36 g protein/kg/day plus a supple-2 mg/dL in a 70 kg adult, the amount of nitrogen in the
body rises only 210 mg) [6]. Still, the amount of waste ment of essential amino acids or keto acids. The composi-
tion of essential amino acids and keto acid mixtures hasnitrogen excreted in all forms other than nitrogen should
be evaluated, especially when patients restrict the amount been described [13]. Caloric intake ranged from 30 to
40 kcal/kg/day. No patient was treated by dialysis andof protein in their diet.
The initial method proposed by Maroni, Steinman, none had proteinuria exceeding 3.5 g/day. Glomerular
filtration rate (GFR) was estimated as the average ofand Mitch for estimating nitrogen intake (IN) from UNA
plus NUN losses of 0.031 g nitrogen/kg body weight in daily urea and creatinine clearances [9].
Nitrogen balance was performed as described [7]. Ita stable CRI patient was based on the results of nitrogen
balance measurements [7]. They found that NUN was was measured over 5 to 7 days with IN determined by
duplicate diet analysis corrected for uneaten food orcorrelated with body weight but did not vary with dietary
protein. Kopple, Goa, and Qing [8] proposed different emesis. For each balance period, daily 24-hour urine
collections were analyzed for total nitrogen and ureaconcepts, concluding that there is a direct relationship
between dietary protein and fecal nitrogen and that the nitrogen, and pooled stool collections were analyzed for
total nitrogen content. The nitrogen content of food,relationship between dietary nitrogen and NUN was the
same for all patients and did not vary with weight. Their urine, and feces was determined by the micro-Kjeldahl
method and urinary urea nitrogen was measured usingequation for estimating IN did not include body weight
but considered NUN as a constant. They emphasized fluorometric analysis [11]. The UNA (g nitrogen/day)
was calculated as the algebraic sum of the average uri-that the sum of UNA and NUN is really a more accurate
nary excretion of urea nitrogen and the daily change inestimate of total nitrogen excretion than of dietary pro-
the urea nitrogen pool for the number of days of ob-tein. Their report prompted us to review all the nitrogen
servation. The urea pool was estimated as the SUN inbalance measurements conducted by our group between
grams of nitrogen/L times 60% of body weight in kilo-1977 and 1992 in order to assess the following questions:
grams. Since the volume of distribution of urea and water(1) Is fecal nitrogen related to dietary protein? (2) Does
are the same and total body water averages 60% of bodyNUN vary with weight or can it be considered a constant?
weight in CRF patients [14], we used the latter value to(3) How do the methods compare in estimating the mea-
estimate the size of urea pool. The rate of change of thesured amount of dietary protein?
urea pool was calculated from the linear regression of
the urea pool on time during the period of observation
METHODS [7]. Non-urea urine nitrogen (NUUN) was calculated as
This study is a retrospective analysis of all nitrogen total urinary nitrogen minus urinary urea nitrogen. NUN
balance studies our group has performed. Altogether, 80 was the sum of NUUN and fecal nitrogen. Total nitrogen
nitrogen balance measurements obtained from 52 adult appearance (TNA) (grams of nitrogen/day) was calcu-
CRI patients have been reported by us in five different lated as the sum of UNA and NUN. Thus, nitrogen
studies [7, 9–12]. Of these, 33 nitrogen balance studies balance equals the IN minus the sum of UNA and NUN.
in 19 patients were excluded because they formed the
NB  IN  (UNA  NUN)basis for the Maroni, Steinman, and Mitch method of
estimating dietary IN from UNA plus a NUN excretion We examined the following questions. (1) Is fecal ni-
rate of 0.031 g nitrogen/kg body weight/day in stable trogen or NUN correlated with IN? (2) Is NUN constant
patients with chronic renal failure (CRF) [7]. To deter- as proposed by Kopple, Gao, and Qing or is NUN related
mine the utility of this method without the influence to body weight? We also calculated TNAKOPPLE by the
of the original measurements, we restricted the present equation Kopple, Gao, and Qing (1.19 UNA 1.27) [8],
study to results from four other publications. Thus, we and then calculated NUNKOPPLE as the difference between
retrospectively analyzed nitrogen balance measurements TNA and UNA, to find out if NUNKOPPLE differed from
we had made in 33 patients. To preserve statistical inde- NUNMARONI (0.031 g nitrogen/kg) or the measured value
pendence, we analyzed the data for the number of pa- of NUN. Finally, we calculated IN as UNA plus a NUN
tients rather than the number of nitrogen balance studies, value of 0.031 g nitrogen/kg as proposed by Maroni, Stein-
the second set of results from any patient who had nitro- man, and Mitch (IN MARONI) [7] and IN by the method sug-
gen balance measured twice was excluded. gested by Kopple, Gao, and Qing (IN KOPPLE) using the
equation, 1.20 UNA 1.74 [8]. This comparison was usedAll patients were active with no intercurrent illnesses
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Table 1. Characteristics of the patients
Reference 10 11 9 12
No. of patients 6 8 14 5
Nitrogen balance studies 12 16 14 5
Weight kg 61.72.3 70.02.2 70.23.9 56.81.7
Protein intake g/kg/day 0.6 to 1.0 0.28EAA/KA 0.36EAA/KA 0.05EAA/KA
Calorie intake kcal/kg/day 32.53.5 34.70.15 32 405
GFR mL/min 11.62.3 14.31.4 4.41.2 4.91.7
Abbreviations are: EAA, essential amino acid; GFR, glomerular filtration rate; KA, keto acid. Results shown are mean  SE.
Table 2. Components of nitrogen excretion in the four studies and average values
Reference 10 11 9 12 Total
No. of patients 6 8 14 5 33
UNA g nitrogen/day 6.790.76 3.410.18 2.830.41 2.040.56 3.570.36
NUN g nitrogen/day 1.910.34 1.810.21 2.300.20 1.590.16 2.000.12
Fecal nitrogen g nitrogen/day 0.990.21 1.040.13 1.240.16 0.560.11 1.040.09
Nitrogen balance g nitrogen/day 1.370.41 0.650.26 0.990.41 1.240.12 0.180.27
Measured IN g nitrogen/day 10.070.53 5.870.38 4.140.15 4.870.20 5.750.41
IN MARONI g nitrogen/day 8.700.85 5.500.23 5.000.47 3.800.56 5.610.38
IN KOPPLE g nitrogen/day 9.010.58 5.850.21 5.140.50 4.190.67 6.040.44
Abbreviations are: IN, nitrogen intake; NUN, non-urea nitrogen; UNA, urea nitrogen appearance. Results shown are mean  SE. Estimates of IN by either method
were not statistically different from measured IN.
to evaluate the third question, how does calculation of
IN by these two estimates compare to the measured IN?
STATISTICAL METHODS
Data are presented as mean  standard errors. Com-
parisons were made using analysis of variance or t test.
Pearson correlation coefficient was used to report the
correlation between two variables. Multiple regression
was used to determine the relationship between two vari-
ables after adjusting for a third variable. To compare
Fig. 1. The relationship between fecal nitrogen (FN) and intake ofthe error in estimating IN from the methods of Maroni, nitrogen (IN). The coefficient of correlation is r  0.04, P  0.997.
Steinman, and Mitch and Kopple, Gao, and Qing, we
calculated a predicted IN for each patient and then calcu-
lated the error as the difference between the measured
included patients with the most advanced renal insuffi-minus predicted value of IN. The distribution of error is
ciency (GFR, 4.4  1.2 mL/min).displayed as a box plot.
Fecal nitrogen excretion was not significantly corre-
lated with IN; the correlation coefficient, r, was 0.04, P 
RESULTS 0.997 (Fig. 1). To evaluate how fecal nitrogen excretion
varies at different dietary protein values, we examinedThe etiology of CRI was glomerulonephritis in five
patients, adult polycystic disease in four patients, diabetic fecal nitrogen in 10 studies with the highest IN versus
10 studies of the lowest IN (Fig. 2). Despite a 2.2-foldnephropathy in two patients, and the remaining twenty-
two patients had other or undetermined causes. The difference between IN (8.70  0.66 g nitrogen/day vs.
3.93 0.16 g nitrogen/day), fecal nitrogen excretion wasnumber of patients and the nitrogen balance studies per-
formed in each study, along with their average body 1.09  0.15 g nitrogen/day vs. 1.12  0.19 g nitrogen/
day (P  0.506).weight, protein and caloric intakes, are shown in Table 1.
The degree of renal insufficiency was advanced, GFR NUN also correlated poorly with IN (r  0.07, P 
0.71). In contrast, NUN was significantly correlated withranged from 4.4 mL/min to 11.6 mL/min. The summary
of nitrogen balance indicates that the average nitrogen body weight (r  0.46, P  0.008). After adjusting for
IN, NUN was still correlated with body weight (par-balance was 0.18  0.27 g nitrogen/day (Table 2). Ni-
trogen balance was positive in all but one study, which tial r  0.454, P  0.009). Interestingly, the average
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Fig. 3. The relationships between urinary nitrogen appearance (UNA)
and intake of nitrogen (IN). The coefficient of correlation is r  0.79,
P  0.001.
Fig. 2. Comparison of fecal nitrogen ( ) values in 10 nitrogen balance
studies with highest nitrogen intake (IN) () compared to 10 with the
lowest nitrogen intake. High vs. low nitrogen intake, P  0.506.
NUN in these patients was 0.031  0.002 g nitrogen/kg
of body weight/day. The same value of 0.031 g nitrogen/
kg/day was found by Maroni, Steinman, and Mitch in 33
CRF patients eating a wide range of dietary protein [7].
Based on the regression equation of Kopple, Gao, and
Quing, NUNKOPPLE averaged 1.95  0.07 g nitrogen/day,
a value not statistically different from the measured Fig. 4. Box plot showing the distribution of error with each method.
NUN of 2.0  0.12 g nitrogen/day. Notably, the average The difference between measured nitrogen intake and estimates of
nitrogen intake calculated from the equations of Maroni (IN MARONI) andthe NUNKOPPLE corrected for body weight was 0.031 
Kopple (IN KOPPLE).0.001 g nitrogen/kg/day.
We also examined these relationships in the total of
all 80 nitrogen balance measurements we had performed.
Again, there was no correlation between IN and fecal error for IN MARONI and IN KOPLLE were 0.134 g nitrogen/day
nitrogen excretion (r  0.17, P  0.140), but there was (95% CI: 3.29, 3.02) and 0.290 g nitrogen/day (95%
a significant correlation between NUN and weight (r  CI:2.77, 3.35), respectively. The means of the absolute
0.38, P 0.0006; data not shown). There was good corre- error for the methods of Maroni, Steinman, and Mitch
lation between IN and UNA (r  0.79, P  0.001; Fig. 3) and Kopple, Gao, and Qing were 1.19 g nitrogen/day andand between TNA and UNA (r  0.94, P  0.001).
1.33 g nitrogen/day, respectively, and the mean squaredThe comparison of measured IN to the IN values esti- errors were 2.22 (g nitrogen/day)2 and 2.91 (g nitrogen/mated by the methods of Maroni, Steinman, and Mitch
day)2, respectively. The box plot (Fig. 4) shows the distri-and Kopple, Gao, and Qing are shown in Table 2. The
bution of the error is similar for both methods. Further-measured IN averaged 5.75  0.41 g nitrogen/day, while
more, Bland-Altmann plots indicated randomly distrib-the estimated, IN MARONI value was 5.61  0.38 g nitrogen/
uted points without a pattern for both methods withday (P 0.63 vs. measured value). The estimated IN KOPLLE
nonsignificant correlations (r  0.109 for IN MARONI, r value was 6.04  0.44 g nitrogen/day (P  0.29 vs. mea-
0.116 for IN KOPPLE). All these results indicate that the er-sured value).
ror associated with the equation proposed by Kopple,To evaluate the accuracy of estimating dietary protein
Gao, and Qing is slightly but not statistically higher thanwe calculated a “prediction error” as the difference be-
the error associated with the equation of Maroni, Stein-tween his or her observed protein intake and the pre-
dicted value of protein intake. The mean values of the man, and Mitch.
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DISCUSSION the duration of the equilibration period is an important
difference because others report that 4 to 5 days areDetermining the types and quantities of dietary con-
required to reach a new steady-state of nitrogen excre-stituents is an integral part of the assessment of nutri-
tion and we included the amount of urea nitrogen accu-tional status and is required for monitoring compliance
mulated in each measurement [15, 16]. To evaluatewhen a dietary change is prescribed. This is very difficult
whether the diets supplemented with keto acids and/orfor many dietary constituents because nutrients can be
essential amino acids were associated with variation inmetabolized or their volume of distribution can change.
fecal nitrogen, we analyzed results from all the nitrogenFor example, it is difficult to quantify the intake of foods
balance studies conducted by our group in patients whothat are metabolized to supply energy or to measure
were not receiving keto acid or amino acid supplements.changes in the accumulation of calcium and other miner-
In these 31 nitrogen balance studies, fecal nitrogen wasals. An exception is dietary protein because of the rela-
not correlated with dietary protein (r  0.21, P  0.25).tive simplicity of the measurements used and the con-
In experiments involving infusion of protein or aminocepts underlying nitrogen balance. The initial method
acids directly into the terminal ileum or cecum of ani-proposed by Maroni, Steinman, and Mitch of estimating
mals, infused protein was digested and there was no in-dietary protein was based on the assumption that nitro-
crease in fecal nitrogen [17]. With protein-free diets, thegen balance is neutral or zero. In this case, nitrogen
obligatory fecal nitrogen loss is reported to be betweenintake would equal the urea nitrogen excreted and accu-
8 and 12 mg nitrogen/kg body weight/day, our patientsmulated (UNA) plus other forms of excreted nitrogen
had a mean of 15.5  1.2 mg nitrogen/kg/day. The rela-[7]. The UNA exerts a major influence on this method
tionship between fecal nitrogen and IN has been exam-for estimating protein intake because urea production
ined in patients without kidney disease. Some find noparallels protein intake. The initial method also was based
relationship between IN and fecal nitrogen [18–20], buton the finding that the amount of NUN excreted (the
others conclude that dietary protein or dietary roughagenitrogen in feces, in urinary creatinine, uric acid, pep-
increases fecal nitrogen [21, 22]. For example, Young et
tides, and all other forms of nitrogen except urea) varied
al reported that fecal nitrogen increased with IN whenwith weight but not with dietary protein. The average the diet contained wheat protein but no such relationship
NUN value was 0.031 g nitrogen/kg body weight/day. was present when the diet was based on beef protein [23].
When this value was added to the urea appearance rate, Results from the 33 nitrogen balance studies we analyzed
the measured and estimated amounts of dietary protein show that fecal nitrogen is not correlated with IN evenwere highly correlated [7]. when the highest and lowest values of dietary protein
In contrast, Kopple, Gao, and Qing concluded that were examined (Fig. 2).
the nitrogen in feces varied with dietary protein and that Nitrogen in the colon includes undigested dietary prod-
the total quantity of NUN excreted was the same for all ucts and endogenous nitrogen, for example in bile, mu-
patients and was not related to body weight. As shown cins, sloughed cells, or cell debris, and urea arising from
in Figure 1, we examined nitrogen balance of 33 subjects the hepatic recycling [24]. In humans, the “true” digest-
and concluded that the measured amount of nitrogen ibility of most dietary proteins is greater than 85% and
in feces does not vary with dietary protein (this was endogenous sources may contribute from 35% to 69%
confirmed from data of all nitrogen balance measure- of total jejunal nitrogen flow. In formula-fed infants,
ments we had made). Moreover, the NUN excretion is Shulman, Gannon, and Reeds estimated that the contri-
correlated with body weight, even after adjusting for bution of endogenous nitrogen to fecal nitrogen was 51%
nitrogen intake (partial r  0.454, P  0.009). We ac- [25]. In humans, Wrong, Vince, and Waterlow found that
knowledge that these results may not apply when the 15nitrogen content of fecal ammonia and fecal bacterial ni-
diet is composed only of digestible products such as in trogen was only 8% of the 15nitrogen enrichment of plasma
formula-based diets. As CRI patients are rarely pre- urea, suggesting that systemic urea is a minor substrate
scribed or have spontaneously greater protein intakes for the growth of colonic bacteria [26]. What about utili-
than those patients studied above it is not known how zation of urea nitrogen for protein synthesis? If nitro-
fecal nitrogen would behave in the setting of higher pro- gen derived from urea degradation were a nutritionally
tein intake. important source of amino acids, inhibiting urea degra-
In examining why our conclusions differ from those dation should increase urea appearance and nitrogen
of Kopple, Gao, and Qing, we note that the methods of balance should worsen. In fact, giving nonabsorbable anti-
conducting nitrogen balance measurements were similar, biotics in patients with CRI led to an improvement in
but there was a more prolonged equilibration phase in nitrogen balance, suggesting nitrogen released from urea
their study and a wider range of dietary treatment strate- is not nutritionally important for these patients [9, 27].
gies in our studies (some of the patients received keto In contrast, Jackson proposed that when dietary pro-
tein decreases, urea hydrolysis can make an importantacids and/or essential amino acids). It seems unlikely that
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contribution to nitrogen balance [28], but this notion was in the estimated values of dietary protein found in pa-
rejected by Young et el, who used [15N, 15N] urea and tients at either end of the weight scale. The number of
l-[1-13C] leucine isotope infusion to investigate amino patients at high and low weights we examined was small
acid turnover in patients eating a wide range of protein but the two methods of estimating dietary protein still
[29]. They concluded that urea production is linearly yielded similar results in those subjects.
correlated with IN. Thus, fecal nitrogen excretion in CRI
patients appears to change quite similarly to that in nor-
CONCLUSIONmal subjects eating protein amounts in this range.
In summary, fecal nitrogen in CRI patients is not cor-The other important dietary component affecting fecal
related with IN in the range of protein intakes from 0.4 gnitrogen is the quantity of fermentable carbohydrates.
to 1.0 g/kg body weight/day. NUN is highly correlatedBliss et al showed that supplementation with gum arabic
with body weight and when the estimated NUN (0.031 gfiber increases fecal nitrogen and lowers SUN concentra-
nitrogen/kg body weight/day) is added to the urea nitro-tion in CRI patients consuming a low-protein diet [30].
gen appearance rate, the calculated values of IN are veryWe did not record the quality of carbohydrate intake in
close to actual values of nitrogen or protein intake.our patients and cannot comment on the role of fiber
intake on fecal nitrogen.
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